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 Platinum-group metal nanomaterials are widely used as catalysts applied in fuel cells, 
petrochemical industry and other important fields. The key scientific and 
technological issue of platinum catalysts is to further improve their activity, stability 
and utilization efficiency. Fundamental studies of single-crystal model catalysts have 
demonstrated that high-index planes of platinum-group metals exhibit generally much 
higher catalytic activity and stability than those of the low-index planes, such as 
(111),(100), and even (110), because the high-index planes have a high density of 
atomic steps, ledges, and kinks, which usually serve as active sites for breaking 
chemical bonds. However, due to high surface-energy of high-index facets, it is rather 
challenging to synthesize high-index faceted Pt nanocrystal catalysts by conventional 
methods. Recently, our group has developed an electrochemically shape-controlled 
method for synthesizing tetrahexahedral (THH) Pt NCs enclosed by (730) and vicinal 
high-index facets. However, our shortcoming is that the particle size is too large to be 
applied in fuel cells. 
In this thesis, we successfully apply an electrochemical square-wave potential 
method to prepare carbon nanotube supported THH Pt NCs enclosed by (310) with a 
small size. Besides, the direct electrodeposition of THH Pt NCs with (730) high-index 
facets has successfully been conducted using a programmed electrodeposition method. 
The main results are listed below.  
1. We have synthesized THH Pt /CNTs catalysts by applying electrochemical 
square-wave potential method to Pt nanocube/CNTs. The surface of the THH Pt NCs 
is identified as (310) high-index facets by using TEM. The average size of THH Pt 
NCs is about 13 nm. 
2. The catalytic properties of the THH Pt /CNTs toward ethanol electrooxidation 
were investigated by cyclic voltammetric (CV) and chronoamperometry (CA) 
methods, in comparison with Pt nanocube/CNTs and commercial Pt/C catalyst. The 
results demonstrated that the onset potential of ethanol oxidation on THH Pt /CNTs 















the steady-state oxidation current density is 1.6 times as large as that of Pt THH/CNTs. 
The remarkably high activity of THH Pt /CNTs nanocatalysts comes from the effect 
of the higher density of low-coordinated atomic steps. 
3. THH Pt NCs with (730) high-index facets has been successfully electrodeposited 
directly from K2PtCl6 solution by using a programmed electrodeposition method. This 
preparation method is simple and straightforward and avoids the coexistence of THH 
NCs with residual polycrystalline nanospheres, in comparison with the previous 
two-step method. The average size of THH Pt NCs is 41.2 nm, and size distribution is 
very narrow (RSD=2%). 
4. The catalytic properties of THH Pt NCs prepared by electrodeposition toward 
ethanol electrooxidation were investigated by CV and CA method. The results 
demonstrated that the onset potential of ethanol oxidation on THH Pt NCs had been 
shifted negatively about 0.15V as compared with commercial Pt/C, and the steady 
oxidation current density has been enhanced by more than 4 times. 
THH Pt NCs with small size supported on carbon nanotubes exhibit enhanced 
catalytic activity and stability, and will be used as promising catalysts applied in fuel 
cells and a variety of electro-catalytic applications. Furthermore, our study has also 
enlarged the application of electrochemical square-wave potential method. 
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